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(54) Apparatus and method for vehicular engine start control 



(57) When an engine start request is made (YES at 
S1) in order to use an engine (14) as a drive power 
source during the running of the vehicle in an engine 
stopped state, the engine (14) is cranked by a starter 
(70) without supply of fuel to the engine (14) (S2to S5), 
and the torque of the starter (70) is controlled so that 
the engine revolution speed Ne becomes equal to the 



input shaft rotation speed Nin, that is, a synchronous . 
rotation speed. After syncronization is achieved and the 
engagement of a clutch (C2) is completed, the fuel in- 
jection control of the engine (14) is started to cause self- 
driven revolution based on explosion (step S7). The 
process reduces the consumption of fuel and the pro- 
duction of exhaust gas. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The invention relates to a vehicular engine 
start control apparatus and method. Specifically, a con- 
trol process of starting an internal combustion engine of 
a vehicle during the running of the vehicle is disclosed. 
The invention also relates to a fuel injection apparatus 
and control method of an internal combustion engine. 

2. Description of the Related Art 

[0002] A known hybrid vehicle has: (a) a drive electric 
motor for propelling a vehicle by turning a wheel; (b) an 
internal combustion engine for propelling the vehicle by 
turning a wheel via a power conn eel ion/disconnection 
mechanism; and (c) a starter electric motor for turning 
the internal combustion engine when the engine is to be 
started. An example of such a vehicle is described in 
Japanese Patent Application Laid-Open No. 
2000-71815, in which a drive electric motor (motor 4) is 
connected to an internal combustion engine (engine 2) 
via a power connection/disconnection mechanism 
(clutch 3). If an internal combustion engine start request 
is output while the vehicle is running in a state in which 
the power connection/disconnection mechanism has 
been disconnected and the engine has been stopped, 
the internal combustion engine is started by turning, i. 
e. ( cranking the engine through the use of the starter 
electric motor (motor 1 ) and by supplying fuel to the en- 
gine. After the engine is started, the starter electric mo- 
tor is controlled so that the input rotation speed and the 
output rotation speed of the power connection/discon- 
nection mechanism become substantially synchronous. 
After the input and output rotation speeds of the power 
connection/disconnection mechanism become sub- 
stantially synchronous, the power connection/discon- 
nection mechanism is connected and the control of syn- 
chronizing the input and output rotation speeds through 
the use of the starter electric motor is stopped. Thus, 
output of the internal combustion engine is transferred 
to a drive wheel to run the vehicle. 
[0003] However, if fuel is supplied to the internal com- 
bustion engine to start the engine before the power con- 
nection/disconnection mechanism is connected, fuel is 
consumed wastefully without contributing to the running 
of the vehicle, so that the fuel efficiency is not very high, 
and exhaust gas is produced corresponding to the 
wasteful fuel consumption. Furthermore, the synchro- 
nizing control is performed while the engine is in oper- 
ation. Therefore, further problems occur. That is, due to 
torque fluctuations of the internal combustion engine or 
the like, the rotation speed control through the use of 
the starter electric motor becomes rather difficult, and a 
longer time is required before the synchronization is 



achieved. Therefore the wasteful fuel consumption fur- 
ther increases. 

SUMMARY OF THE INVENTION 
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[0004] Accordingly, it is an object of the invention to 
minimize the wasteful consumption of fuel and the pro- 
duction of exhaust gas that occur before a power con- 
nection/disconnection mechanism is connected in con- 
ic junction with the starting of an internal combustion en- 
gine during the running of the vehicle. 
[0005] To achieve the aforementioned and other ob- 
jects, a vehicular engine start control apparatus in ac- 
cordance with the invention includes (a) an internal com- 
15 bustion engine that propels a vehicle by turning a wheel 
via a power connection/disconnection mechanism; (b) 
a starter electric motor that turns the internal combustion 
engine when the internal combustion engine is to be 
started; and(c) a control unit that operates as follows. 
[0006] When a request for starting the internal com- 
bustion engine occurs during a run of the vehicle in an 
engine stopped state, where the power connection/dis- 
connection mechanism is disconnected and the internal 
combustion engine is stopped, the control unit turns the 
internal combustion engine by using the starter electric 
motor without causing explosion in the internal combus- 
tion engine. Furthermore, the control unit controls the 
starter electric motor so that an input rotation speed of 
the power connection/disconnection mechanism and an 
output rotation speed of the power connection/discon- 
nection mechanism become substantially synchronous. 
The control unit also controls the internal combustion 
engine to have a self-driven revolution based on explo- 
sion by supplying a fuel to the internal combustion en- 
gine after the input rotation speed and the output rota- 
tion speed of the power connection/disconnection 
mechanism become substantially synchronous, and the 
power connection/disconnection mechanism is con- 
nected. 

[0007] To achieve the aforementioned and other ob- 
jects, the invention provides a control method of a ve- 
hicular engine start control apparatus including an inter- 
nal combustion engine that propels a vehicle by turning 
a wheel via a power connection/disconnection mecha- 
nism, and a starter electric motor that turns the internal 
combustion engine when the internal combustion en- 
gine is to be started. 

[0008] The control method includes the steps of turn- 
ing the internal combustion engine by using the starter 
electric motor without causing explosion in the internal 
combustion engine. This step occurs when a request for 
starting the internal combustion engine occurs during a 
run of the vehicle in an engine stopped state where the 
power connection/disconnection mechanism is discon- 
nected and the internal combustion engine is stopped. 
[0009] The control method also controls the starter 
electric motor so that an input rotation speed of the pow- 
er connection/disconnection mechanism and an output 
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rotation speed of the power connection/disconnection 
mechanism become substantially synchronous. 
[0010] The control method further connects the power 
connection/disconnection mechanism. 
[0011] Finally, the control method causes the internal 5 
combustion engine to have a self-driven revolution 
based on explosion by supplying a fuel to the internal 
combustion engine. 

[001 2] According to the vehicular engine start control 
apparatus and the control method thereof as described 
above, if the internal combustion engine start request 
occurs during the running of the vehicle in an engine 
stopped state, where the power connection/disconnec- 
tion mechanism is disconnected and the internal com- 
bustion engine is stopped, the internal combustion en- 
gine is turned by using the starter electric motor without 
causing explosion in the engine. Moreover, the starter 
electric motor is controlled so that the input and output 
roLalion speeds of the power connection/disconnection 
mechanism become substantially synchronous. After 
the input and output rotation speeds of the power con- 
nection/disconnection mechanism become substantial- 
ly synchronous and the power connection/disconnec- 
tion mechanism is connected, i.e., after the engine is 
connected to the drive wheel via the power connection/ 
disconnection mechanism, the engine is caused to have 
self-driven revolution based on explosion by supplying 
fuel to the engine. Therefore, the problems associated 
with wasteful consumption of fuel that does not contrib- 
ute to the running of the vehicle and the corresponding 
production of exhaust gas are eliminated. 
[0013] In accordance with another aspect of the in- 
vention, the request for starting the internal combustion 
engine may be made limitedly when a revolution speed 
of the internal combustion engine occurring when the 
input rotation speed and the output rotation speed of the 
power connection/disconnection mechanism become 
substantially synchronous is at least a complete explo- 
sion minimum revolution speed of the internal combus- 
tion engine. 

[0014] In accordance with a further aspect of the in- 
vention, a construction is possible wherein only if the 
output rotation speed of the power connection/discon- 
nection mechanism is at most a predetermined rotation 
speed when the request for starting the internal com- 
bustion engine occurs, the control unit turns the internal 
combustion engine without causing explosion in the in- 
ternal combustion engine, and causes the internal com- 
bustion engine to have the self-driven revolution based 
on explosion by supplying the fuel to the internal com- 
bustion engine after the power connection/disconnec- 
tion mechanism is connected. 

[0015] In accordance with still another aspect of the 
invention, the control unit may cause the power connec- 
tion/disconnection mechanism to engage and cause the 
internal combustion engine to have the self-driven rev- 
olution based on explosion by supplying the fuel to the 
internal combustion engine when a revolution speed of 



the internal combustion engine is at least a predeter- 
mined internal combustion engine revolution speed. 
[0016] In accordance with a still further aspect of the 
invention, the-control unit may cause the internal com- 
bustion engine to have the self-driven revolution based 
on explosion by supplying the fuel to the internal com- 
bustion engine before the power connection/disconnec- 
tion mechanism is connected, if the output rotation 
speed of the power connection/disconnection mecha- 
nism is above a predetermined rotation speed. 
[0017] In accordance with a yet further aspect of the 
invention, the control unit may set an output torque of 
the starter electric motor substantially to zero after the 
internal combustion engine has a self-driven revolution, 
and may perform a control of supplying the fuel to the 
internal combustion engine so that the revolution speed 
of the internal combustion engine becomes substantial- 
ly synchronous with the output rotation speed of the 
power connection/disconnection mechanism, and then 
may engage the power connection/disconnection 
mechanism after the input and output rotation speeds 
of the power connection/disconnection mechanism be- 
come substantially synchronous. 

[0018] In accordance with a further aspect of the in- 
vention, the vehicular engine start control apparatus 
may further include a drive electric motor that propels 
the vehicle by turning the wheel, wherein the vehicle is 
propelled by the drive electric motor when the internal 
combustion engine is stopped, and the vehicle is pro- 
pelled by driving only the internal combustion engine or 
by cooperatively driving the internal combustion engine 
and the drive electric motor after the power connection/ 
disconnection mechanism is engaged. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] The above mentioned and other objects, fea- 
tures, advantages, technical and industrial significance 
of this invention will be better understood by reading the 
following detailed description of the preferred embodi- 
ments of the invention, when considered in connection 
with the accompanying drawings, in which: 

FIG. 1 is a diagram illustrating a construction of a 
hybrid drive control apparatus according to the in- 
vention; 

FIG. 2 is a diagram showing a power transfer sys- 
tem of the hybrid vehicle drive control apparatus 
shown in FIG. 1; 

FIG. 3 is a diagram illustrating a portion of a hydrau- 
lic control circuit shown in FIG. 1 ; 
FIG. 4 is a diagram showing relationships between 
various operation modes entered in the hybrid ve- 
hicle drive control apparatus and operation condi- 
tions of clutches and a brake; 
FIG. 5a is a figure indicating a relationship among 
the rotation speeds of rotating elements of a plan- 
etary gear unit in an ETC mode; 
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FIG. 5b is a figure indicating a relationship among 
the rotation speeds of the rotating elements of the 
planetary gear unit in a locked-up mode; 
FIG. 5c is a figure indicating a relationship among 
the rotation speeds of the rotating elements of the 5 
planetary gear unit in a motor run mode; 
FIG. 6 is a flowchart illustrating an operation per- 
formed by the hybrid veh icle drive control apparatus 
when an engine start request is made during the 
forward running of the vehicle in an engine stopped M> 
state; 

FIG. 7a is a chart showing how a synchronizing con- 
trol process is performed so as to equalize the en- 
gine revolution speed Ne with the input shaft rota- 
tion speed Nin; and is 
FIG. 7b is a chart showing how another synchroniz- 
ing control process is performed so as to equalize 
the engine revolution speed Ne with the input shaft 
rotation speed Nin. 

20 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0020] In the following description and the accompa- 
nying drawings, the invention will be described in more 25 
detail with reference to exemplary embodiments. 
[0021] The invention is applicable to various vehicle 
controls. For example, a control in which an internal 
combustion engine is stopped and is restarted under a 
predetermined condition during the running of the vehi- 30 
cle. The invention is suitably applicable to, for example, 
a case where, in a hybrid vehicle having: (a) a drive elec- 
tric motor for propelling the vehicle by turning wheels 
(which may be a motor generator that is usable as an 
electric power generator as well); (b) an internal com- 35 
bustion engine for propelling the vehicle by turning 
wheels via a power connection/disconnection mecha- 
nism; and (c) a starter electric motor for turning the in- 
ternal combustion engine to start the engine. In this sit- 
uation, the vehicle running mode is switched from a mo- *o 
tor run mode in which only the drive electric motor is 
used as a drive power source (engine stopped mode) 
to an engine run mode in which the internal combustion 
engine and the drive electric motor or only the engine is 
used as a drive power source. The internal combustion <s 
engine stopped mode may be a regenerative braking 
mode in which regenerative control of the generator is 
performed to charge a battery and apply a braking force 
to the vehicle. 

[0022] The power connection/disconnection mecha- 50 
nism connects, i.e. , transfers and disconnects the trans- 
fer of power. A hydraulic or electromagnetic friction 
clutch or friction brake may be suitably used as a power 
connection/disconnection mechanism. It is also possi- 
ble to use, for example, a claw clutch equipped with a 55 
synchronizing mechanism as well. In the case of a hy- 
brid vehicle, the power connection/disconnection mech- 
anism may include, for example, a combination-distri- 



bution mechanism such as a planetary gear unit or the 
like. 

[0023] For example, a hybrid vehicle may have: (a) a 
double-pinion type planetary gear unit whose sun gear 
is connected to an internal combustion engine and 
whose carrier is connected to a motor generator (corre- 
sponding to a drive electric motor) ; (b) a first brake for 
connecting a ring gear of the planetary gear unit to a 
case; (c) a first clutch for connecting the carrier to a 
wheel-side transmission; and (d) a second clutch for 
connecting the ring gear to the transmission. 
[0024] In this situation, a power connection/discon- 
nection mechanism is formed by the planetary gear unit, 
the first clutch, the second clutch and the first brake, al- 
though elements vary depending on the vehicle running 
mode. For example, the mode is switched from a motor 
ru n mode (engine stopped mode) in which the first clutch 
is engaged and the second clutch and the first brake are 
released. Here, the vehicle is run by the motor generator 
to an engine run mode in which the first clutch and the 
second clutch are engaged and the first brake is re- 
leased, and therefore the vehicle is run by the internal 
combustion engine. During the motor run mode, power 
transfer between the engine and the wheels is discon- 
nected since the second clutch and the first brake are 
released. 

[0025] The synchronization of the power connection/ 
disconnection mechanism refers to not merely a case 
where the input and output rotation speeds of the mech- 
anism become equal, but also a case where the rotation 
speed of the ring gear becomes substantially zero after 
the internal combustion engine is started at the time of 
a mode shift from an engine stopped mode to an engine 
run mode. Here, the first clutch is engaged and the first 
brake and the second clutch are released and the en- 
gine is stopped, and control shifts to an engine run mode 
in which the first clutch and the first brake are engaged 
and the second clutch is released and the vehicle is run 
in the reverse direction by the engine. When such a state 
of zero rotation of the ring gear is established, the first 
brake may be engaged. In that case, the input rotation 
speed of the power connection/disconnection mecha- 
nism, i.e. the revolution speed of the engine, and the 
output rotation speed of the mechanism, i.e., the input 
rotation speed of the transmission or the like, are not 
equal to each other. Thus, the synchronization of the 
power connection/disconnection mechanism includes a 
case where the input and output rotation speeds are not 
equal. However if a different type of power connection/ 
disconnection mechanism, for example, an ordinary 
power connection/disconnection mechanism formed by 
a single clutch, is adopted, the input and output rotation 
speeds of the power connection/disconnection mecha- 
nism equal when the synchronization is achieved. 
[0026] The starter electric motor may be used exclu- 
sively for cranking, i.e., turning, the internal combustion 
engine to start the engine, or may be used for driving, 
other elements such as accessories and the like. Fur- 
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thermore, the starter electric motor may be a motor gen- 
erator that is used as an electric power generator as 
well. 

[0027] A request for starting the engine occurs, for ex- 
ample, when the vehicle is to be run by using the engine 5 
as a drive power source, when the vehicle speed or the 
accelerator operation amount becomes equal to or 
greater than a predetermined value, or when the amount 
of charge of the battery falls to or below a predetermined 
value so that the drive electric motor cannot be used. io 
[0028] A synchronization control means is designed, 
for example, to feedback-control the torque of the starter 
electric motor so that the rotation speed of the starter 
electric motor reaches a rotation speed that achieves 
substantial synchronization between the input and out- « 
put rotation speeds of the power connection/disconnec- 
tion mechanism. 

[0029] Embodiments of the invention will be de- 
scribed in detail hereinafter with reference Lo the draw- 
ings. FIG. 1 is a schematic diagram illustrating a con- 20 
struction of a hybrid drive control apparatus 10 to which 
the invention is applied. FIG. 2 is a skeleton diagram 
illustrating a transmission 12. The hybrid drive control 
apparatus 10 includes an engine 14, that is an internal 
combustion engine that produces power through com- 25 
bustion of fuel. A motor generator 1 6 is used as an elec- 
tric motor and an electric power generator, and a double- 
pinion type planetary gear unit 18 is connected to the 
motor generator 1 6. A sun gear 1 8s of the planetary gear 
unit 1 8 is connected to the engine 1 4, and a carrier 1 8c 30 
thereof is connected to the motor generator 16. A ring 
gear;1 8r of the planetary gear unit 18 is connectable to 
a case 20 via a first brake B1 . The carrier 18c is con- 
nected to an input shaft 22 of the transmission 12 via a 
first clutch C1 . The ring gear 1 8r is connectable to the 35 
input shaft 22 via a second clutch C2. The motor gen- 
erator 16 corresponds to a drive electric motor. The 
planetary gear unit 1 8 corresponds to a gear-type com- 
bination/distribution device. The sun gear 18s, the car- 
rier 1 8c and the ring gear 1 8r correspond to a first rotat- *o 
ing element, a second rotating element and a third ro- 
tating element, respectively. The planetary gear unit 1 8, 
together with the first brake B1 , the first clutch C1 and 
the second clutch C2, forms a power connection/discon- 
nection mechanism. 45 
[0030] The clutches C1 , C2 and the first brake B1 are 
multiplale wet type hydraulic friction engagement devic- 
es that are put into friction engagement by hydraulic ac- 
tuators. The friction engagement of these devices is 
achieved by hydraulic oil supplied from a hydraulic con- so 
trol circuit 24. FIG. 3 shows portions of the hydraulic con- 
trol circuit 24. An electrically driven oil pressure gener- 
ating apparatus 26 including an electric pump produces 
a source pressure PC, which is supplied to the clutches 
C1, C2 and the first brake B1 in accordance with the 55 
position of a shift lever 30 (see FIG. 1) via a manual 
valve 28. The shift lever 30 is a speed shift operating 
member that is disposed near a driver's seat and is op- 



erated by a driver to select a transmission speed. In this 
embodiment, the shift lever 30 can be selectively oper- 
ated to five shift positions of M B M , "D", M N M , "R" and "P". 
The manual valve 28 is connected to the shift lever 30 
via a cable, a link or the like, and can be mechanically 
switched in accordance with the operation of the shift 
lever 30. 

[0031] The "B" position is a shift position at which a 
relatively great power-source braking force is produced 
upon a downshift of the transmission 12 or the like. The 
"D" position is a shift position for forward drive of the 
vehicle. When the shift lever 30 is at either one of these 
shift positions, the source pressure PC is supplied from 
an output port 28a of the manual valve 28 to the clutches 
C1 and C2. The source pressure PC is supplied to the 
first clutch C1 via a shuttle valve 31 . The "N" range is a 
shift position for disconnecting the power transfer from 
a power source. The "R M position is a shift position for 
reverse drive of the vehicle. The "P M position is a shift 
position at which the power transfer from the power 
source is disconnected, and rotation of drive wheels is 
mechanically prevented by a parking lock device (not 
shown). When the shift lever 30 is at any one of these 
shift positions, the source pressure PC is supplied to the 
first brake B1 via an output port 28b. The source pres- 
sure PC outputted from the output port 28b is inputted 
to a return port 2Bc as well. When the shift lever 30 is at 
the "R" position, the source pressure PC is supplied to 
the first clutch C1 via the return port 28c, an output port 
28d and the shuttle valve 31 . 

[0032] The clutches C1 , C2 and the first brake B1 are 
provided with control valves 32, 34, 36. respectively, 
whereby the oil pressures P C1 , P C2 , Pbi thereof are con- 
trolled. The oil pressure P C1 of the first clutch C1 is reg- 
ulated by an on-off valve 38. The oil pressures P C2 , P B1 
of the second clutch C2 and the first brake B1 are reg- 
ulated by a linear solenoid valve 40. 
[0033] Various vehicle running modes shown in FIG. 
4 are established in accordance with the states of oper- 
ation of the clutches C1 , C2 and the first brake B1 . That 
is, at the "B" range or the "D" range, one of an ETC 
mode, a locked-up mode, and a motor run mode (for- 
ward) is established. In the ETC mode, the second 
clutch C2 is engaged and the first clutch C1 and the first 
brake B1 are released, and the engine 1 4 and the motor 
generator 1 6 are operated to run the vehicle forward. In 
the locked-up mode, the clutches C1, C2 are engaged 
and the first brake B1 is released, and an engine run 
operation of running the vehicle forward can be per- 
formed by operating the engine 14, or an engine-motor 
run of running the vehicle can be performed by operating 
the engine 14 and the motor generator 1 6. In the motor 
run mode (forward), the first clutch C1 is engaged and 
the second clutch C2 and the first brake B1 are released, 
and a motor run mode of running the vehicle forward 
can be performed by operating the motor generator 1 6. 
In the motor run mode (forward), a regenerative run op- 
eration of generating electric power from kinetic energy 
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of the vehicle to charge a battery 42 (see FIG. 1) and 
produce a braking force forthe vehicle can be performed 
through a regenerative control of the motor generator 
16 ? for example, when the accelerator is off. 
[0034] FIGS. 5a, 5b and 5c are nomograms indicating 
operation states of the planetary gear unit 1 8 during the 
aforementioned forward drive modes. In the nomo- 
grams, M S" represents the sun gear 18s, and "R" repre- 
sents the ring gear 18r, and M C" represents the carrier 
18c. The intervals between lines M S", U R M and "C n are 
determined by a gear ratio p (= the number of teeth of 
the sun gear 18s/the number of teeth of the ring gear 
18r). More specifically, assuming that the interval be- 
tween "S" and U C B is 1 , the interval between "R" and "C" 
becomes p, which is about 0.6 in this embodiment. The 
torque ratio during the ETC mode in FIG. 5a is engine 
torque Te:CVT input shaft torque Timmotor torque Tm 
= p:1 :1-p. Thus, the motor torque Tm needed is less than 
the engine lorqueTe needed. During a steady stale, the 
torque obtained by summing the motor torque Tm and 
the engine torque Te becomes equal to "the CVT input 
shaft torque Tin. The "CVT" means a continuously var- 
iable transmission. In this embodiment, the transmis- 
sion 12 is a belt-type continuously variable transmis- 
sion. 

[0035] Referring back to FIG. 4, when the "N" range 
or the "P" range is selected, either one of a neutral state 
and a charge-engine start mode is established. During 
the neutral state, the clutches C1 , C2 and the first brake 
B1 are released. During the charge-engine start mode, 
the clutches C1 , C2 are released and the first brake B1 
is engaged, and the motor generator 1 6 is reversely op- 
erated to start the engine 14, or the motor generator 1 6 
is turned by the engine 14 via the planetary gear unit 1 8. 
Furthermore, the regenerative control of the motor gen- 
erator 1 6 is performed to charge the battery 42 (see FIG. 
1). 

[0036] When the "R" range is selected, a motor run 
mode (reverse) or a friction run mode is established. In 
the motor run mode (reverse) , the first clutch C1 is en- 
gaged and the second clutch C2 and the first brake B1 
are released, and a motor reverse run operation of run- 
ning the vehicle backward can be performed by reverse- 
ly turning the motor generator 16 to reversely turn the 
carrier 18c and the input shaft 22. The friction run mode 
is entered if an assist request is outputted during the 
reverse running in the motor run mode (reverse). In the 
friction run mode, the engine 14 is started to turn the sun 
gear 1 8s forward. While the ring gear 1 8r is turning for- 
ward as the sun gear 18s is turning, the first brake B1 
is put into a slip engagement to restrict the rotation of 
the ring gear 1 8r, so that a reverse rotating force acts 
on the carrier 1 8c thereby assisting the reverse running 
of the vehicle. 

[0037] The transmission 1 2 is a belt-type continuously 
variable transmission. Power is transferred from an out- 
put shaft 44 of the transmission 12 to a ring gear 50 of 
a differential device 48 via a counter gear 46. The dif- 



ferential device 48 distributes power to right and left- 
side drive wheels 52. 

[0038] The hybrid drive control apparatus 1 0 of the 
embodiment changes the vehicle running mode through 

5 the use of an HV ECU 60 shown in FIG. 1 . The H V ECU 
60 includes a CPU, a RAM, a ROM, etc. The HV ECU 
60 controls an electronic throttle ECU 62, an engine 
ECU 64, a motor-generator ECU 66, a transmission 
ECU 68, the on-off valve 38 of the hydraulic control cir- 

10 cuit 24, the linear solenoid valve 40, a starter 70 of the 
engine 14, etc., in accordance with programs pre-stored 
in the ROM while using a temporarily memory function 
of the RAM . The starter 70 corresponds to a starter elec- 
tric motor for cranking the engine 14 when the engine 

is 14 is to be started. In this embodiment, a motor gener- 
ator that functions as an electric motor and a generator 
is employed as the starter 70, and turns a crankshaft of 
the engine 14 via a belt. 

[0039] The electronic throttle ECU 62 controls the 

20 opening and closure of an electronic throttle valve 72 of 
the engine 14. The engine ECU 64 controls the output 
of the engine 14 via the amount of fuel injected in the 
engine 14, a variable valve timing mechanism, an igni- 
tion timing, etc. The motor-generator ECU 66 controls 

25 the motoring torque, the regenerative braking torque 
and the like of the motor generator 1 6 via an inverter 74. 
The transmission ECU 68 controls the speed ratio y (= 
input shaft rotation speed Nin/output shaft rotation 
speed Nout) , the belt tension and the like of the trans- 

30 mission 1 2. The hydraulic control circuit 24 has a circuit 
for controlling, for example, the speed ratio y and the 
belt tension of the transmission 12. 
[0040] The HV ECU 60 is supplied with a signal from 
an accelerator operation amount sensor 76 indicating 

35 an operation amount Gac of an accelerator pedal 78 pro- 
vided as an accelerator operating member, and is sup- 
plied with a signal from a shift position sensor 80 indi- 
cating the operated position of the shift lever 30 (shift 
position). The HV ECU 60 is further supplied with signals 

40 from an engine revolution speed sensor 82, a motor ro- 
tation speed sensor 84, an input shaft rotation speed 
sensor 86 and an output shaft rotation speed sensor 88 
indicating the engine revolution speed (number of rota- 
tions) Ne, the motor rotation speed (number of rotations) 

45 Nm, the input shaft rotation speed (rotation speed of the 
input shaft 22) N in and the output shaft rotation speed 
(rotation speed of the output shaft 44) Nout, respective- 
ly. The output shaft rotation speed Nout corresponds to 
the vehicle speed V. Still further, the HV ECU 60 is sup- 

50 plied with various signals indicating states of operation, 
such as the amount of charge SOC of the battery 42 and 
the like. The amount of charge SOC may merely be a 
battery voltage. It is also possible to determine the 
amount of charge or discharge by successive accumu- 

55 lation. The accelerator operation amount Gac represents 
the amount of output requested by a driving person. 
[0041] FIG. 6 is a flowchart illustrating an engine start- . 
ing control process performed when an engine start re- 
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quest is output in order to use the engine 14 as a drive 
power source during the forward running of the vehicle 
in the motor run mode (forward) with the shift lever 30 
operated to the U D" or "B M position. More specifically, the ; 
control method is performed during the running of the 5 
vehicle in an engine stopped state where the first clutch 
C1 is engaged and the second clutch C2 and the first 
brake B1 are released and the engine 14 is stopped, 
such as during the motor run in which the accelerator 
operation amount 6ac and the vehicle speed V are rel- io 
atively small and only the motor generator 1 6 is used as 
a drive power source. The process can also be per- 
formed during the regenerative run in which the vehicle 
is running with the accelerator being off while the battery 
42 is being charged by the regenerative control of the '5 
motor generator 16. The engine start control is repeat- 
edly executed in a cycle of a predetermined time through 
the signal processing performed by the HV ECU 60, the 
electronic throttle ECU 62, the engine ECU 64, etc. 
[0042] In step S1 in FIG. 6, it is determined whether 20 
an engine start request has been outputted to use the 
engine 14 as a drive power source. If the engine start 
request has been output, the process starting at step S2 
is executed. The engine start request occurs, for exam- 
ple, when during a motor run in which only the motor 25 
generator 16 is used as a drive power source, the ac- 
celerator operation amount Gac or the vehicle speed V 
increases so that it is determined that the running of the 
vehicle is to be switched to the engine run or the engine- 
motor run. The request also occurs when, during a mo- 30 
tor-drjven run, the amount of charge SOC reduces so 
that it is determined that the vehicle running is to be 
switched to the engine-driven run. The request further 
occurs when, during a regenerative run based on the 
motor generator 16 with the accelerator being off and 35 
the engine 14 disconnected from the drive wheels 52, 
the accelerator pedal 78 is depressed so that it is deter- 
mined that the vehicle running is to be switched to the 
engine-driven run, etc. 

[0043] The aforementioned determination regarding *o 
the fashion of running of the vehicle is executed by the 
HV ECU 60 in such a manner that the engine start re- 
quest is outputted only when the input shaft rotation 
speed Nin, which is a synchronous revolution speed of 
the engine 14, is greater than or equal to 1000 rpm, 
which is greater than the minimum engine revolution 
speed that allows complete explosion in the engine 14. 
The minimum revolution speed regarding complete ex- 
plosion is a minimum revolution speed that allows stable 
self-driven revolution of the engine 14 based on com- so 
plete explosion. In this embodiment, the complete ex- 
plosion minimum revolution speed is about 750 rpm, al- 
though it varies depending on the characteristics of the 
engine 14. 

[0044] In step S2, which is executed when the engine 55 
start request is output, the engine 14 is cranked, i.e., 
turned, with a maximum torque Ihrough the use of the 
starter 70 to quickly increase the engine revolution 



speed Ne. At this state, the fuel injection control of the 
engine 14 is not performed, but the degree of valve 
opening of the electronic throttle valve 72 is kept, 
for example, at about an idle degree of valve opening. 
In step S3, it is determined whether the input shaft ro- 
tation speed Nin is at most a predetermined constant 
value a. If the input shaft rotation speed Nin is less than 
or equal to the constant value a, the process starting at 
step S4 is executed. If the input shaft rotation speed Nin 
is greater than the constant value a, the process starting 
at step S9 is executed. Step S3 is provided for deter- 
mining whether it is possible to quickly increase the en- 
gine revolution speed Ne to a synchronous revolution 
speed. In this embodiment the input shaft rotation 
speed Nin equals the synchronous revolution speed, so 
that the constant value a is set to a maximum revolution 
speed that allows the engine revolution speed Ne to be 
quickly increased based on the torque characteristic of 
the starter 70 and the like. 

[0045] If Nin < u, the engine revolution speed Ne can 
be increased to the synchronous revolution speed by 
the starter 70. Therefore, in step S4, it is determined 
whetherthe engine revolution speed Ne is at least a pre- 
determined value p. Stop S4 is provided for determining 
whether to start a feedback control for equalizing the en- 
gine revolution speed Ne increased due to the cranking 
performed by the starter 70 with the maximum torque, 
with the input shaft rotation speed Nin, which is the syn- 
chronous revolution speed. The predetermined value p 
is set to, for example, a constant value of about 800 to 
1 000 rpm that is lower than a minimum revolution speed 
that can be a synchronous revolution speed, or a revo- 
lution speed that is lower than the actual input shaft ro- 
tation speed Nin by a predetermined revolution speed 
e.g., about 400 to 500 rpm, etc. 

[0046] While the engine revolution speed Ne is lower 
than the predetermined value p, the engine 14 is 
cranked with the maximum torque of the starter 70. 
When the engine revolution speed Ne becomes equal 
to or greater than the predetermined value p, the torque 
of the starter 70 is feedback-controlled in step S5 so as 
to achieve Ne= Nin. In step S6, it is determined whether 
engagement of the second clutch C2 has been complet- 
ed, based on the oil pressure P C2 of the hydraulic control 
circuit 24, a command value for the linear solenoid valve 
40 that controls the oil pressure P C2 , etc. After the en- 
gagement of the second clutch C2 has been completed, 
that is, after the engine 14 has been connected to the 
drive wheels 52 via the planetary gear unit 18 and the 
clutches C1 , C2, the process proceeds to step S7. In 
step S7, the fuel injection control of the engine 14 is 
started so as to cause self-driven revolution of the en- 
gine 14 based on explosion, and at the same time, the 
degree of throttle valve opening B TH is controlled in ac- 
cordance with the accelerator operation amount 6 ac . At 
this moment, the engine revolution speed Ne, that is, 
the input shaft rotation speed Nin, is at least 1000 rpm, 
which is higher than the complete explosion minimum 
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revolution speed of the engine 14. Therefore, upon sup- 
ply of fuel, the engine 14 immediately achieves com- 
plete explosion and therefore stable self -driven revolu- 
tion, so that a drive power corresponding to the amount 
of output requested by the driving person can be pro- 
duced. Then, in step S8, the torque of the starter 70 is 
set to "0". 

[0047] FIG. 7a is a time chart regarding the starting of 
the engine 14 achieved by cranking through the use of 
the starter 70 in accordance with steps S1 to S8. In the 
time chart, t 1 is a time point when the determination in 
step S1 becomes affirmative (YES) due to output of the 
engine start request, and t 2 is a time point when the en- 
gine revolution speed Ne reaches the predetermined 
value |3. As a result the determination in step S4 be- 
comes affirmative. In Fig. 7a, t 3 is a time point when the 
engagement of the second clutch C2 is completed, and 
therefore the determination in step S6 becomes affirm- 
ative. Simultaneously with Ihe engine start request (lime 
point t,), the second clutch C2 is supplied with hydraulic 
oil by a first fill (initial supply) up to a state that is imme- 
diately prior to generation of engagement torque. Sub- 
sequently when the engine revolution speed Ne be- 
comes substantially equal to the input shaft rotation 
speed Nin, the engagement control starts, so that the 
oil pressure P C2 is gradually increased by the linear so- 
lenoid valve 40. 

[0048] Conversely, if Nin > a, that is, if it is difficult to 
quickly increase the engine revolution speed Ne to the 
synchronous revolution speed through the use of the 
starter 70, step S3 is followed by step S9, in which the 
fuel injection control of the engine 14 is started so as to 
achieve self-driven revolution based on explosion. Sub- 
sequently in step S1 0, the torque of the starter 70 is set 
to "0". In step S11, the engine 14 is feedback-controlled 
so that the engine revolution speed Ne becomes equal 
to the input shaft rotation speed Nin, that is s the synchro- 
nous revolution speed. More specifically, the engine 
torque is controlled by, for example, the opening/closing 
control of the electronic throttle valve 72. However, de- 
pending on the input shaft rotation speed Nin, the engine 
torque may be controlled by an ignition timing retarding 
control, with the electronic throttle valve 72 being com- 
pletely closed. A control may also be performed by ap- 
plying a revolution resistance to the engine 14 through 
an electric power generating control of the starter 70 so 
that the engine revolution speed Ne becomes equal to 
the input shaft rotation speed Nin. 
[0049] In step S12, it is determined whether the en- 
gagement of the second clutch C2 has been completed, 
as in step S6. After the engagement of the second clutch 
C2 is completed, that is, after the engine 1 4 is connected 
to the drive wheels 52 via the planetary gear unit 1 8 and 
the clutches C1 , C2, the degree of throttle valve opening 
is controlled in accordance with the accelerator op- 
eration amount 8ac in step S13. Therefore, a drive pow- 
er corresponding to the amount of output requested by 
a driving person can be produced. 



[0050] FIG. 7b is a chart regarding the synchroniza- 
tion achieved through self-driven revolution of the en- 
gine 14 based on explosion caused by executing the 
process starting at step S9 subsequently to step S3. In 
5 FIG. 7b, t 1 is a time point when the determination in step 
S1 becomes affirmative (YES) due to output of the en- 
gine start request, and t 4 is a time point when the engine 
14 starts self-driven revolution due to the fuel injection 
control in step S9. % is a time point when the engage- 

10 ment of thesecond clutch C2 is completed and therefore 
the determination in step S12 becomes affirmative. 
[0051 ] According to the hybrid drive control apparatus 
10, when an engine start request is output in order to 
use the engine 14 as a drive power source during the 

is forward running of the vehicle in the motor run mode 
(forward), that is. during the running of the vehicle in an 
engine stopped state where the first clutch C1 is en- 
gaged and the second clutch C2 and the first brake B1 
are released and the engine 14 is stopped, the engine 

20 1 4 is cranked by the starter 70 without supply of fuel to 
the engine 14, and the torque of the starter 70 is con- 
trolled so that the engine revolution speed Ne becomes 
equal to the input shaft rotation speed Nin, i.e., the syn- 
chronous revolution speed. After Ne = Nin is achieved 

25 and the engagement of the second clutch C2 is com- 
pleted, that is, after the engine 14 is connected to the 
drive wheels 52 via the planetary gear unit 1 8 and the 
clutches C1 , C2, the fuel injection control of the engine 
14 is started in step S7 to cause self-driven revolution 

30 based on explosion. Therefore, the hybrid drive control 
apparatus 10 eliminates the problems of wasteful fuel 
consumption not contributing to the running of the vehi- 
cle and the corresponding production of exhaust gasr 
[0052] Since the engine 14 is cranked by using the 

35 starter 70, electric energy is consumed. However, the 
consumption of electric energy does not necessarily 
lead to consumption of fuel or production of exhaust gas. 
For example, electric energy can be recovered through 
the regenerative control of the motor generator 1 6 dur- 

^o ing the running of the vehicle. Hence, the consumption 
of fuel and the production of exhaust gas can be reduced 
in total. 

[0053] Furthermore, the engine 14 is turned by the 
starter 70 without being caused to have explosion, and 

45 the torqu e of the starter 70 is feedback-controlled so that 
the engine revolution speed Ne becomes equal to the 
input shaft rotation speed Nin. Therefore, there is no 
problem of torque fluctuation of the engine 14 caused 
by explosion, and the revolution speed control by the 

50 starter 70 can be performed with high responsiveness 
and good precision. As is apparent from FIGS. 7a and 
7b, the time point t 3 at which the synchronization is com- 
pleted, that is, the engagement of the second clutch C2 
is completed, becomes earlier than the time point 1$. 

55 Thus, drive power from the engine 14 can be quickly 
obtained. 

[0054] Since the time required before the synchroni- 
zation is achieved is shortened as described above, the 
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electric energy consumed by the starter 70 to start the 
engine is reduced. With regard to extraction of electric 
energy achieved by turning the motor generator 16 
through the use of the engine 14, the consumption of 
fuel and the production of exhaust gas can be reduced 
in comparison with, for example, a case where the syn- 
chronization is achieved based on self-driven revolution 
of the engine 14 as in step S9 to S13. The extent of 
reduction varies depending on the power generation ef- 
ficiency, the charging/discharging efficiency of the bat- 
tery 42, etc. In particular, if the engine revolution speed 
Ne is controlled by the ignition timing retarding control, 
the fuel consumption efficiency remarkably deterio- 
rates. However, the use of the starter 70 forthe synchro- 
nization considerably improves the energy efficiency. 
[0055] Furthermore, the request for starting the en- 
gine 14 monitored in step S1 is outputted only when the 
input shaft rotation speed Nin, which is the synchronous 
revolution speed for the engine 14, is equal to or greater 
than 1000 rpm, which is higher than the complete ex- 
plosion minimum revolution speed of the engine 14. 
Therefore, when the second clutch C2 is connected af- 
ter the engine revolution speed Ne becomes approxi- 
mately equal to the input shaft rotation speed Nin, the 
revolution speed of the engine 14 is always greater than 
or equal to the complete explosion minimum revolution 
speed. Hence, when fuel is supplied to the engine 14, 
the engine 14 immediately has complete explosion and 
achieves self-driven revolution. Consequently, there is 
no danger of wasteful consumption of fuel caused by a 
failurejn promptly achieving self-driven revolution de- 
spite.supply of fuel to the engine 1 4. 
[0056] According to the vehicular engine start control 
apparatus and the control method thereof as described 
above, when a request for starting the internal combus- 
tion engine occurs during the running of the vehicle in 
an engine stopped state where the power connection/ 
disconnection mechanism is disconnected and the en- 
gine is stopped, the engine is turned by operating the 
starter electric motor without causing explosion in the 
engine. Furthermore, the starter electric motor is con- 
trolled so that the input and output rotation speeds of 
the power connection/disconnection mechanism be- 
come substantially synchronous. After the power con- 
nection/disconnection mechanism is connected subse- 
quently to synchronization of the input and output rota- 
tion speeds of the power connection/disconnection 
mechanism, that is, after the engine is connected to the 
drive wheels via the power connection/disconnection 
mechanism, fuel is supplied to the engine to cause self- 
driven revolution of the engine based on explosion. 
Therefore, the problems of wasteful consumption of fuel 
not contributing to the running of the vehicle and the cor- 
responding production of exhaust gas are eliminated. 
Since the internal combustion engine is turned by the 
starter electric motor, electric energy is consumed. How- 
ever, the consumption of electric energy does not nec- 
essarily lead to consumption of fuel or production of ex- 



haust gas . For example, electric energy can be recov- 
ered through the regenerative control of the motor gen- 
erator during the running of the vehicle. Hence, the con- 
sumption of fuel and the production of exhaust gas can 
5 be reduced in total. 

[0057] Furthermore, since the internal combustion 
engine is turned by using the starter electric motor with- 
out causing explosion in the engine, and since the start- 
er electric motor is controlled so that the input and output 
io rotation speeds of the power connection/disconnection 
mechanism become substantially synchronous, there is 
no problem of torque fluctuation of the engine caused 
by explosion. Furthermore, the revolution speed control 
by the starter electric motor can be performed with high 

*5 responsiveness and good precision. Therefore, the time 
required prior to the synchronization is shortened, and 
drive power from the engine can be quickly obtained. 
[0058] Furthermore, the request for starting the inter- 
nal combustion engine is made only if the revolution 

20 speed of the engine that occurs at the time of synchro- 
nization of the input and output rotation speeds of the 
power connection/disconnection mechanism is equal to 
or greater than the complete explosion minimum revo- 
lution speed. Therefore, when the power connection/ 

25 disconnection mechanism is connected after the syn- 
chronization of the input and output rotation speeds, the 
revolution speed of the engine is always greater than or 
equal to the complete explosion minimum revolution 
speed. Accordingly, when fuel is supplied to the engine, 

30 the engine immediately has complete explosion and 
achieves self-driven revolution. Hence, there is no dan- 
ger of wasteful consumption of fuel caused by a failure 
in promptly achieving self-driven revolution despite sup- 
ply of fuel to the engine. 

35 [0059] When an engine start request is made in order 
to use an engine as a drive power source during the run- 
ning of the vehicle in an engine stopped state, the en- 
gine is cranked by a starter without supply of fuel to the 
engine, and the torque of the starter is controlled so that 

to the engine revolution speed Ne becomes equal to the 
input shaft rotation speed Nin, that is, a synchronous 
rotation speed. After synchronization (Ne = Nin) is 
achieved and the engagement of a clutch is completed, 
that is, after the engine is connected to a drive wheel via 

45 a power connection/disconnection mechanism, the fuel 
injection control of the engine is started to cause self- 
driven revolution based on explosion. The process re- 
duces the consumption of fuel and the production of ex- 
haust gas. 

so [0060] In the illustrated embodiments, the controller 
is implemented with a general purpose processor. It will 
be appreciated by those skilled in the art that the con- 
troller can be implemented using a single special pur- 
pose integrated circuit (e.g., ASIC) having a main or 

55 central processor section for overall, system-level con- 
trol, and separate sections dedicated to performing var- 
ious different specific computations, functions and other 
processes under control of the central processor sec- 
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tion. The controller can be a plurality of separate dedi- 
cated or programmable integrated or other electronic 
circuits or devices (e.g., hardwired electronic or logic cir- 
cuits such as discrete element circuits t or programma- 
ble logic devices such asPLDs, PLAs, PALs or the like) . 
The controller can be suitably programmed for use with 
a general purpose computer, e.g., a microprocessor, mi- 
crocontroller or other processor device (CPU or MPU), 
either alone or in conjunction with one or more periph- 
eral (e.g., integrated circuit) data and signal processing 
devices. In general, any device or assembly of devices 
on which a finite state machine capable of implementing 
the procedures described herein can be used as the 
controller. A distributed processing architecture can be 
used for maximum data/signal processing capability 
and speed. 

[0061] While the invention has been described with 
reference to preferred embodiments thereof, it Is to be 
understood that the invention is not limited to the pre- 
ferred embodiments or constructions. To the contrary, 
the invention is intended to cover various modifications 
and equivalent arrangements. In addition, while the var- 
ious elements of the preferred embodiments are shown 
in various combinations and configurations, which are 
exemplary, other combinations and configurations, in- 
cluding more, less or only a single element, are also 
within the spirit and scope of the invention. When an en- 
gine start request is made (YES at S1) in order to use 
an engine (14) as a drive power source during the run- 
ning of the vehicle in an engine stopped state, the en- 
gine (14) is cranked by a starter (70) without supply of 
fuel to the engine (14) (S2 to S5), and the torque of the 
starter (70) is controlled so that the engine revolution 
speed Ne becomes equal to the input shaft rotation 
speed Nin, that is, a synchronous rotation speed. After 
syncronization is achieved and the engagement of a 
clutch (C2) is completed, the fuel injection control of the 
engine (14) is started to cause self-driven revolution 
based on explosion (step S7). The process reduces the 
consumption of fuel and the production of exhaust gas. 



Claims 

1 . A vehicular engine start control apparatus compris- 
ing: 

an internal combustion engine (14) that propels 
a vehicle by turning a wheel via a power con- 
nection/disconnection mechanism (C1, C2, 
B1); and 

a starter electric motor (70) that turns the inter- 
nal combustion engine (14) when the internal 
combustion engine (14) is to be started, 
the vehicular engine start control apparatus be- 
ing 

characterized by further comprising a control unit 



(60) that, when a request for starting the internal 
combustion engine (14) occurs during a run of the 
vehicle in an engine stopped state where the power 
connection/disconnection mechanism (C1 , C2, B1) 

5 is disconnected and the internal combustion engine 

(14) is stopped, turns the internal combustion en- 
gine (14) by using the starter electric motor (70) 
without causing explosion in the internal combus- 
tion engine (14), and controls the starter electric 

10 motor (70) so that an input rotation speed of the 
power connection/disconnection mechanism (C1, 
C2, B1) and an output rotation speed of the power 
connection/disconnection mechanism (C1 , C2, B1) 
become substantially synchronous, and that per- 

15 forms a control of causing the internal combustion 
engine (14) to have a self-driven revolution based 
on explosion by supplying a fuel to the internal com- 
bustion engine (14) after the input rotation speed 
and the output rotation speed of the power connec- 

20 tion/disconnection mechanism (C1 , C2, B1) be- 
come substantially synchronous and the power 
■■- connection/disconnection mechanism (C1 , C2, B1) 
is connected. 

25 2. The vehicular engine start control apparatus ac- 
cording to claim 1 , characterized in that the re- 
quest for starting the internal combustion engine 
(14) is made limitedly when a revolution speed of 
the internal combustion engine (1 4) occurring when 

30 the input rotation speed and the output rotation 
speed of the power connection/disconnection 
mechanism (C1, C2, B1 ) become substantially syn- 
chronous is at least a complete explosion minimum 
revolution speed of the internal combustion engine 

35 (14). 

3. The vehicular engine start control apparatus ac- 
cording to claim 2, characterized in that only if the 
output rotation speed of the power connection/dis- 

40 connection mechanism (C1, C2, B1) is at most a 
predetermined rotation speed (a) when the request 
for starting the internal combustion engine (14) oc- 
curs, the control unit (60) turns the internal combus- 
tion engine (14) by using the starter electric motor 

45 (70) without causing explosion in the internal com- 
bustion engine (14), and causes the internal com- 
bustion engine (14) to have the self-driven revolu- 
tion based on explosion by supplying the fuel to the 
internal combustion engine afterthe power connec- 

50 tion/disconnection mechanism (C1 , C2, B1 ) is con- 
nected. 

4. The vehicular engine start control apparatus ac- 
cording to claim 3, characterized in that the control 

55 unit (60) causes the power connection/disconnec- 
tion mechanism to be engaged and causes the in- 
ternal combustion engine (14) to have the self-driv- 
en revolution based on explosion by supplying the 
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fuel to the internal combustion engine (14) when a 
revolution speed of the internal combustion engine 
(14) is at least a predetermined internal combustion 
engine revolution speed (a). 

5. The vehicular engine start control apparatus ac- 
cording to claim 1 , characterized in that if the out- 
put rotation speed of the power connection/discon- 
nection mechanism (C1 , C2, B1) is above a prede- 
termined rotation speedrthe control unit (60) caus- 
es the internal combustion engine (14) to have the 
self-driven revolution based on explosion by sup- 
plying the fuel to the internal combustion engine 
(14) before the power connection/disconnection 
mechanism (C1 . C2, B1 ) is connected. 

6. The vehicular engine start control apparatus ac- 
cording to claim 5, characterized in that the control 
unit (60) sets an output torque of the starter electric 
motor (70) substantially to zero after the internal 
combustion engine (14) has a self-driven revolu- 
tion and performs a control of supplying the fuel to 
the internal combustion engine (1 4) so that the rev- 
olution speed of the internal combustion engine (14) 
becomes substantially synchronous with the output 
rotation speed of the power connection/disconnec- 
tion mechanism (C1, C2 , B1) , and then engages 
the power connection/disconnection mechanism 
(C1 S C2, B1) after the input and output rotation 
speeds of the power connection/disconnection 
mechanism (C1 , C2, B1 ) become substantially syn- 
chronous. 

7. The vehicular engine start control apparatus ac- 
cording to any one of claims 1 through 6, charac- 
terized by further comprising a drive electric motor 
(16) that propels the vehicle by turning the wheel 
(52), 

wherein the vehicle is propelled by the drive 
electric motor (16) when the internal combustion 
engine (14) is stopped, and the vehicle is propelled 
by driving only the internal combustion engine (14) 
or by cooperatively driving the internal combustion 
engine (14) and the drive electric motor (16) after 
the power connection/disconnection mechanism 
(C1, C2, B1)is engaged. 

8. A control method of a vehicular engine start control 
apparatus including an internal combustion engine 
(14) that propels a vehicle by turning a wheel via a 
power connection/disconnection mechanism (C1, 
C2, B1), and a starter electric motor (70) that turns 
the internal combustion engine (14) when the inter- 
nal combustion engine (14) is to be started, the con- 
trol method characterized by comprising: 

turning the internal combustion engine (14) by 
using the starter electric motor (70) without 



causing explosion in the internal combustion 
engine (14), when a request for starting the in- 
ternal combustion engine (14) occurs during a 
run of the vehicle in an engine stopped state 
5 where the power connection/disconnection 

mechanism (C1, C2, B1) is disconnected and 
the internal combustion engine (14) is stopped; 
controlling the starter electric motor (70) so that 
an input rotation speed of the power connec- 
w tion/disconnection mechanism (C1, C2, B1) 

and an output rotation speed of the power con- 
nection/disconnect ion mechanism (C1 , C2, B1 ) 
become substantially synchronous; 
connecting the power connection/disconnec- 
ts tion mechanism (C1, C2, B1); and 

causing the internal combustion engine (14) to 
have a self-driven revolution based on explo- 
sion by supplying a fuel to the internal combus- 
tion engine (14). 

20 

9. The control method according to claim 8, charac- 
terized in that the request for starting the internal 
combustion engine (14) is made limitedly when a 
revolution speed of the internal combustion engine 

25 (14) occurring when the input rotation speed and 
the output rotation speed of the power connection/ 
disconnection mechanism (C1, C2, B1) become 
substantially synchronous is at least a complete ex- 
plosion minimum revolution speed of the internal 

30 combustion engine (14). 

10. The control method according to claim 9, charac- 
terized in that only if the output rotation speed of 
the power connection/disconnection mechanism 

35 (C1, C2. B1) is at most a predetermined rotation 
speed (a), the internal combustion engine (14) is 
caused to have the self-driven revolution based on 
explosion by supplying the fuel to the internal com- 
bustion engine (14) after the power con nection/dis- 

40 connection mechanism (C1, C2, B1) is connected. 

11. The control method according to claim 10, charac- 
terized in that the power connection/disconnection 
mechanism (C1 , C2, B1) is caused to engage and 

45 the internal combustion engine (14) is caused to 
have the self-driven revolution based on explosion 
by supplying the fuel to the internal combustion en- 
gine (14) if a revolution speed of the internal -com- 
bustion engine (14) is at least a predetermined in- 

50 ternal combustion engine revolution speed (a). 

•« • 

12. The control method according to claim 8, charac- 
terized by further comprising: 

55 setting an output torque of the starter electric 

motor (70) substantially to zero after the inter- 
nal combustion engine (14) has a self-driven 
revolution; 
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performing a control of supplying the fuel to the 
internal combustion engine (14) so that a rev- 
olution speed of the internal combustion engine 
(14) becomes substantially synchronous with, 
the output rotation speed of the power connec- 5 
tion/disconnection mechanism (C1, C2, B1); 
and 

engaging the power connection/disconnection 
mechanism (C1 , C2, B1 ) afterthe input and out- 
put rotation speeds of the power connection/ 10 
disconnection mechanism (C1, C2, B1) be- 
come substantially synchronous. 
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